American Red Cross (ARC) and the Centers for Disease Control and Prevention (CDC) collaborated on a 3-year evaluation of the public health impact of ARC's water, sanitation and hygiene education activities in eight study areas in Honduras, Nicaragua, El Salvador and Guatemala. The evaluation compared: 1) access to and use of water and sanitation facilities, 2) the use of hygienic behaviours, and 3) diarrhoeal prevalence in children younger than 3 years of age before (February 2000) and after (February 2002) the interventions had been implemented. The evaluation included household and key informant interviews designed to measure these three components. Water quality of community water sources and household water was evaluated by measuring levels of indicator bacteria. During the final survey, an infrastructure evaluation provided a review of the design, construction, and current operation and maintenance of the water systems and latrines. The integrated water and sanitation infrastructure interventions and hygiene education programmes implemented following Hurricane Mitch effectively decreased diarrhoea prevalence in the target communities. R Private or shared latrine. k
INTRODUCTION
From 26 October to 1 November 1998, Hurricane Mitch struck Central America and became one of the most devastating hurricanes of the 20th century. Hurricane
Mitch killed approximately 10,000 people, caused regional damage to infrastructure, and destroyed nearly 100,000 homes (USAID 1999) , affecting an estimated 3.6 million people. People affected by disasters are more likely to become ill and to die from diarrhoea and other diseases related to inadequate sanitation and water supplies than from any other single cause (The Sphere Project 1998) .
Therefore, in response to Hurricane Mitch, the American Red Cross (ARC) developed water and sanitation interventions for more than 100 communities in four countries in the region: Honduras and Nicaragua, which suffered extensive country-wide damage and casualties; and El Salvador and Guatemala, which were impacted to a lesser extent. These interventions were developed based on the communities' existing resources and needs, and consisted of drinking water supply systems, latrines, and health promotion and education. ARC took a participatory approach to the interventions, in which the costs and benefits of all feasible options were presented to the communities, then the communities decided on the level of services they were willing and able to support.
The goal of the ARC post-hurricane interventions was to sustainably improve the health of the people living in the affected areas by focusing on three objectives: 1) establish sustainable access to water; 2) provide sustainable access to sanitation services; and 3) provide community education in basic sanitation and hygiene practices. Providing such barriers to the spread of fecal pathogens by improving water supply, sanitation facilities and hygiene behaviour has been shown to decrease the transmission of diarrhoea, reduce the overall burden of disease and result in higher child survival rates (Esrey et al. 1990; Fewtrell et al. 2005) . rhoea. An infrastructure evaluation was included in the final survey not only to determine whether the water and sanitation interventions were appropriate and were well designed and well constructed, but also to determine whether the communities were operating and maintaining them properly. We present only the results of the baseline and final surveys here, for brevity and because the differences between these two surveys best convey the overall impact of the programme.
METHODS
Two study areas were evaluated in each of the four countries ( Figure 1 ). A study area was a single community or two communities with similar demographics in the same The evaluation included: 1) a cross-sectional household survey, including a questionnaire and visual inspection to evaluate the availability of water and sanitation services and related hygiene behaviours; 2) sampling of community water sources and household water for indicators of microbial contamination; and 3) an infrastructure evaluation, including a questionnaire for the ARC watersanitation programme coordinators in each country, and a detailed on-the-ground inspection of the infrastructure and community records. The infrastructure evaluation also included key informant interviews conducted with the water committee within each community and the countryspecific ARC water-sanitation and/or health programme coordinator to assess the functioning, maintenance and sustainability of the water and sanitation interventions. The water committees consisted of local citizen representatives that were responsible for the administration, operation and maintenance of the water system for their community.
The United States Agency for International Development (USAID) Food and Nutrition Technical Assistance (FANTA) Project 'Water and Sanitation Indicator Measurement Guide' (Guide) provided the primary basis for the household survey (Billig et al. 1999) . These guidelines were used at the request of the ARC because the indicators they contain relate specifically to measuring the performance of disaster-related water and sanitation programmes that are funded by USAID. In addition, they provided a consistent set of performance indicators for evaluating the ARC interventions. The performance indicators described in the Guide include 'impact indicators' and 'monitoring indicators' (Table 2) The sample size needed to detect a 25% decrease in diarrhoea in children , 3 years of age after a watersanitation intervention was 717 households. The diarrhoea rate in this population was assumed to be 25% prior to the intervention (Billig et al. 1999) , and the estimated sample size was calculated using a power of 80% and a confidence interval (CI) of 95%. To account for refusals, a required sample size of 800 households was estimated. This sample size was too large to feasibly cover in one study area. (Billig et al. 1999) . Following the intervention, the percentage of households practising proper hand washing behaviours was predicted to increase to 40% (Billig et al. 1999) . A sample size of 91 households was calculated, based on a power of 80% and a confidence interval (CI) of 95%. To account for refusals, a systematic sample (every Xth household, based on the size of the community) of 100 households was selected for each study area. Water and sanitation infrastructure was evaluated using a systems analysis approach, which assessed whether the entire infrastructure system (from water source to user to final disposal) was protecting public health and preventing the spread of disease or disease-causing agents. A systems approach has been utilized by WHO (1994) in developing guidelines for the management of water supply and sanitation programmes, as well as by other organizations in approaching both health and environmental issues (see, Stockton 1973; Laporte et al. 1996) . We also analysed the existence and effectiveness of barriers put in place at each step (water collection, storage, distribution) to prevent or eliminate contamination of the water. Two of the study areas that did not meet the indicator goal, Waspam, Nicaragua, and Huitzitzil, Guatemala, did not have water projects in part or all of the study area. The third study area that did not meet the goal, Nueva Segovia, Nicaragua, had a water system that was not properly designed or constructed and did not provide adequate service. Four of the five study areas that met the goal had reported coverage less than 100% at the time of the final survey, but this lower reported coverage resulted from growth in the community; 100% of homes that were counted at the time of the baseline survey had access to water at the time of the final survey or had refused to participate in the intervention.
RESULTS

Comparison of the status of indicators during baseline and final surveys
Seven of the eight study areas met the ARC goal for monitoring indicator 2, 100% of households having access to a sanitation facility (functioning toilet or latrine). The study area that did not meet the goal (Waspam, Nicaragua) did not have a latrine project in one of its component communities (Andres). As with the goal for access to water, reported coverage in five of the seven study areas that achieved the goal for access to sanitation was less than 100%
at the final survey. The low reported coverage resulted from growth in these communities or from refusal to participate. 
Statistical analysis of relationship of intervention components and childhood diarrhoea
Univariate analysis of the indicators for diarrhoea among children , 3 years of age over all years and communities indicated that access to sanitation, access to water and hand washing behaviour contributed to a decreased risk of diarrhoea ( Table 5 ). Years of education of the interviewee and the number of people in the household were not associated with diarrhoea in children , 3 years of age. We constructed a logistic regression model that included each of the statistically significant indicators and other significant variables. We included hand-washing data only for the child caregivers in the model because the food preparer was usually the same person as the child caregiver.
Multivariate analysis of this model showed that none of the indicators was independently associated with lower prevalence of diarrhoea in children , 3 years of age.
Covering household drinking water and access of animals to water sources or pumps were each independently associated with diarrhoea and appeared to modify the association of the intervention indicators with diarrhoea seen in the univariate analysis.
Microbial quality of stored household water
The percentage of contaminated household water samples, Assessed on the basis of the interviewees' ability to recite critical times at which they wash their hands and to demonstrate specific hand-washing techniques. § A facility was considered hygienic if there were less than three flies present and no excreta were found outside the latrine. A latrine was considered operational if one or more of the following conditions were met: recently cleaned with water, presence of a path to the latrine, signs of recently being swept, in repair and no spider webs.
DISCUSSION
Intervention inputs and health output implications
This study highlights some interesting aspects of the linkage between the inputs of water and sanitation infrastructure, 1996; Fewtrell et al. 2005) . Fewtrell and colleagues surmised that this may be due to lack of focus on peripheral components of the programme such as sanitation and hygiene education or because the interventions studied did not assure water quality of household water. Conversely, we found that the communities that had well-integrated programmes in which the water supply, sanitation and hygiene education aspects of the intervention were undertaken by ARC and in-country Red Cross society partners more successfully met the project goals. The conceptual model in Figure 2 illustrates a theory about how the inputs of hygiene education, infrastructure and improved water quality interact and how they affect the health outcome.
In some communities, high quality, well-operated infrastructure interventions (such as those installed in Las Pozas and La Ceiba, El Salvador) were not sufficient to meet the health goals specified for this evaluation when hand-washing behaviour did not improve. In these communities, hand-washing education had been terminated 5 to 11 months prior to the final survey. In Waspam, where the health outcome goal was met even though only the hand washing input goal was met, an established long-term hygiene education programme was in place. These results highlight that lack of ongoing hygiene education can hinder sustainable behavioural changes and health improvements initially achieved by intervention projects. In future projects, the sustainability of improvements in appropriate hand washing and in positive health outcomes may be enhanced by allocating resources to ongoing hygiene education specifically targeted at hand washing after the water/sanitation infrastructure components of the interventions are complete. This approach would take a long-term commitment from implementing agencies, and is often Another implication of the fact that the health output goal was met in some communities in which all of the input goals were not met is that the input goals may not need to be at the levels specified for this evaluation to achieve the desired health outcomes. It is beyond the scope of this evaluation to specify exactly what input goals would be required to achieve the specified health output of a 25% reduction in childhood diarrhoea. However, access to water and sanitation apparently can be lower than specified for this evaluation to achieve that health outcome. In fact, the levels specified for this evaluation did not appear to be feasible or realistic. The USAID guidelines do not give target values for the monitoring indicators, and ARC decided to use 100% access to water and sanitation facilities as targets for these indicators. Because a considerable amount of manual labour was required from each participating household to complete most of the water and sanitation facilities constructed under this programme, some residents were unable or unwilling to contribute the required labour and therefore were not included in the project. These limitations to access were based on characteristics of the potential user and were not limitations of the interventions.
Statistical analysis
In the univariate analysis, we saw that access to a sanitation facility, provision or availability of an improved water supply, and appropriate hand washing behaviour all contributed significantly to the decrease in diarrhoea in children , 3 years of age in communities recovering from a devastating natural disaster. However, absence of the water quality indicator organism E. coli in stored household water was not associated with a decrease in childhood diarrhoea.
A meta-analysis of recent studies of the relation between point-of-use water quality, and diarrhoea among pre-school children also found no clear relation between indicator organisms (fecal coliforms and E. coli) and diarrhoea incidence . Our results support two of the explanations for the lack of association that were postulated in that paper: 1) there is a mismatch between water quality indicators and diarrhoeal pathogens; and 2) hygiene education done as part of water/sanitation/hygiene interventions rather than specific improvements in water quality may lead to reductions in diarrhoea. Further research is needed to elucidate the relationship between hygiene education and childhood diarrhoea.
Factors other than the intervention indicators were associated with a decrease in childhood diarrhoeal incidence. In the univariate analysis, access of animals to water sources or water pumps, and presence of a cover on the household water storage container were associated with decreased childhood diarrhoea. In the multivariate analysis, Although the percentage of contaminated samples decreased for water that was reported as both treated and untreated at the household level, our study found that contamination of stored household water was significantly lower when the stored water was treated (usually with chlorine We evaluated knowledge of appropriate hand washing behaviour using the USAID guidelines for the child caregivers and the food preparers in each household.
The evaluation assessed the percentage of these individuals with appropriate hand washing behaviour at the time of the interview on the basis of the interviewees' ability to recite, un-prompted, critical times at which they wash their hands and to demonstrate specific hand washing techniques. Respondents may report or modify their hand washing techniques because they are being evaluated.
In many of the study households with children, the primary food preparer and child caregiver were the same person; for these households, the data were recorded for both variables. Because of the colinearity of these variables, we left the food preparer variable out of the multivariate analysis of the independence of the input indicator associations with diarrhoea because child cargiver behaviour was more directly related to the outcome in children , 3 years of age.
The household surveys were conducted as administered interviews with the person in each household who was responsible for the storage and handling of water and the preparation of food. Self-reported data are subjective in that each person responding to the question interprets it in his or her own way. We attempted to reduce the variability in the interpretation of the questions by thoroughly training interviewers from the country or region where the surveys were being conducted. The questionnaires were translated into Spanish (and Miskito for use in Waspam, Nicaragua) and reviewed with the interviewers in each country to account for local dialects. In addition, the questionnaire allowed for more objective observations by the interviewer, such as the distance to the nearest latrine and the cleanliness of the sanitary facilities.
CONCLUSIONS
The post-Hurricane Mitch water and sanitation programme undertaken by the American Red Cross in four countries in Central America met its regional goal of improving the health of the communities receiving interventions. That goal was measured as a greater than 25% decrease in a health impact indicator, diarrhoea in children , 3 years of age.
Despite the limitations discussed above, we believe that the measured reduction in diarrhoea is related to the interventions undertaken by ARC, as the indicators used were specifically chosen for their relevance to water and sanitation projects.
Improvements in access to sanitation and household water quality were independently associated with reduced diarrhoea in children , 3 years of age. Access to water and improved hand washing behaviour also contributed to diarrhoea reduction, but were not statistically significant when multivariate analysis was performed. Those study areas where goals for improved water, sanitation and hygiene were all met achieved most of the highest success rates in decreasing childhood diarrhoea.
The goal for reduction of childhood diarrhoea was met in some communities where the goals for access to water and/or sanitation were not met. This result suggests that access to water and sanitation does not need to be met at the levels of coverage specified for this evaluation to achieve the goal of a 25% reduction in diarrhoea. This is a useful finding because the USAID Title II guidelines do not give target values for these indicators, leaving individual organizations to set their own goals. While it is tempting to set goals of 100% coverage, such aspirations are neither realistic nor necessary to achieve health outcome goals such as significant reductions in childhood diarrhoea. Although it was beyond the scope of this evaluation to specify exactly what levels of coverage for water and sanitation would be required to achieve specified health outcomes, it appears to be an area worthy of further research. Identifying threshold levels of coverage necessary for meeting health outcome goals may allow more efficient use of resources for meeting those goals.
